INTRODUCTION

1
Gut content analysis, fecal analysis, and direct observation are common methods use for assessing food webs both in the field and in the laboratory [1, 2] . This method has been useful to identify the diet of a species over a short time frame, but is not always a good approach of what it might have been eating on a regular basis [3, 4] .
Stable isotope analysis is emerging as an important tool for identifying animal diet, trophic position, and movement including highly migratory and marine species [5, 6] . This is vital to ensure the conservation of natural resources in a sustainable way.
The application of stable isotopes analysis in environmental science provides a standard tool to trace pollution sources within an environment, to understand the underlying processes of the ecosystem nutrient cycling in both terrestrial and marine systems and provides further understanding of the ecosystem functioning. In the ecology of freshwater tropical lakes, stable isotopes provide further insight to trace food web by providing a longer term portrayal of the diet of a fish within a food web and can be used to identify the trophic position of the fish [7] . The ability to elucidate the food web is critical to the implementation of appropriate management, conservation and restoration efforts.
Isotopes are atoms of a common element that share the same number of protons and electrons, but differ in number of neutrons [8] . Differences in the number of neutron create different atomic masses, which can be measured with an isotope ratio mass spectrometer. Stable isotopes, unlike radioactive isotopes, have combinations of protons and neutrons that are resistant to decay over time. Stable isotopes of different elements transfer through food webs with fairly consistent trophic level alterations, providing a natural tracer of food web linkages [5] .
This isotopic separation between consumer tissue and diet is known as a discrimination or fractionation factor [8] . Stable isotope values reflect an integrated diet over a time scale determined by the metabolic activity of the tissue and organism analyzed [5] .
Carbon isotopic compositions have been used to give information about the carbon sources of production and for determining the energy flow through the food web [9] . 13 [10] . The change in δ 13 C values from prey to predator or known as trophic fractionation exhibit little or no trophic level enrichment (<1‰) are useful for identifying the sources of production for consumers in lakes.
Nitrogen isotopic compositions can provide information about the trophic levels in a food web and the processing of nitrogen and sources of nitrogen such as sewage [5, 7] . Stable nitrogen isotopes are 14 N (lighter elements) and 15 N (the heavier nitrogen isotopes) with an abundance of 99.635 % and only 0.365%, respectively [8] . The nitrogen isotope ratios ( N relative to their food with top predators having the highest concentration of this stable isotopes [11] .
Fish are important consumers in auatic food webs and the use of stable isotopes to study the trophic interactions have mostly focused in temperate ecosystems [12, 3, 7] . Recently, a study by Zulkifli et al. [9] have used stable isotope markers (δ 13 C and δ 15 N) to determine the food web in a tropical mangrove ecosystem, located at a coastal area of Selangor, Malaysia. To date, most ecological study of fishes in Malaysia focused on the distribution and diversity of the available fishes at the selected sampling sites [13, 14] . To the best of our knowledge, this is the first study on lake food webs using stable isotopes in this region. Therefore, in the present study, we analyzed the carbon and nitrogen isotope ratios in two different fish species from two tropical lakes, Temenggor and Chenderoh Lake, in Perak, Malaysia. The objective is to identify the potential primary production sources supporting the lake consumers (i.e fish) from the δ 13 C values and the trophic position of these fisheries from the δ 15 N values. This information is important to further understand the community dynamics of the food web for better management of these natural resources.
MATERIALS AND METHODS
Sampling area
Samplings of fish were carried out in December 2014 to March 2015 at Temenggor Lake and Chenderoh Lake in Perak. The locations of the sampling area are shown in Fig. 1 . Temenggor Lake is (15200 hectares) is the second largest lake in Peninsula Malaysia after Kenyir Lake in Terengganu, Malaysia. This man-made lake is located south of 1,533 m high Ulu Titi Basah peak, in Hulu Perak district in the state of Perak. The lake is located about 45 km from the Hulu Perak district capital, Gerik. It was created upon the completion of the Temenggor Hydro Electricity Dam in 1978. Temenggor Lake is categorized at medium state or mesotrophic based on its biological productivity and allowable nutrient loadings, corresponded to Carlson's trophic state index values. However, Chenderoh Lake is categorized as bad or eutrophic [15, 16] . Chenderoh Lake is a natural lake, located near the royal town of Kuala Kangsar and archaeological site of Lenggong. 
Sample Collection
Conductivity, pH and total dissolved solids (TDS) of the surface water were measured in situ using a field meter, HACH sension while dissolved oxygen was measured using YSI 5000 dissolved oxygen meter. Nitrate, nitrite and ammoniacal nitrogen were measured by using Hach DR 2010 Spectrophotometer. Fish samples were caught using cast nets with a mesh size of approximately 2.5 cm. The morphology of the fishes were measured; weight, total length and standard length. Three fish species were caught at Temenggor Lake; Hampala barb (Hampala macrolepidota), Cyprinus oxygaster (Oxygaster anomalura) and Nile tilapia (Oreochromis niloticus) while two species were captured in Chenderoh Lake; Peacock Bass (Cichla ocellaris) and Hampala barb (Hampala macrolepidota).
Stable Isotopes Analysis
Two fish from each species were dissected in the laboratory and only the muscles were used for δ 13 C and δ 15 N analyses. Swimming muscle was used for all analysis [17] because muscle turnover rates are longer than those of liver and blood [18] and thus integrate diet over months. Five grams of samples were dried in the oven at 60 °C for 24 hours The samples were ground to a fine powder with mortar and pestle. The powdered samples were then divided equally into two subsamples. One of the subsamples was not acidified for the analysis of δ 15 N . Other subsamples were acidified by adding 1M of Hydrochloric acid (HCl) drop-by-drop until the bubbles were observed (the cessation of bubbling was used as criterion to determine the amount of acid to add) [19] . All the samples were left in acid for 3 h. Then, the samples were dried in the oven at 60°C until constant weight. Finally, the acidified samples were ground to a fine powder with an agate mortar and pestle again, then stored in clean desiccator until analyses. Fish samples were weighed to 0.4 to 0.5 mg for analysis using isotope ratio mass spectrometry (IRMS).
Sample Preparation
Isotopes analysis was carried out at Doping Control Centre (DCC), University Sains Malaysia (USM), using an elemental analyser Thermo Finnigan Flash EA 2000 connected to Finningan delta v-avantage plus isotope ratio mass spectrometry by a ConFlo II interface, with an analytical precision of ±0.2 ‰. The samples were analysed by combustion in quartz tubes at 950 ºC. The resulting gases were carried to a second tube at 650 ºC in a Helio stream. The amount of nitrogen and carbon were determined by comparing the peak areas with a standard (acetanilide). For isotopic analysis, gases passed to the mass spectrometer through an interface, that also carried out the injection of the reference N2 and CO2 gases.
Once in the mass spectrometer, gas molecules were ionised by electronic impact, and separated for the action of a magnetic field, depending on the relative abundances of the molecules with different isotopic compositions. Isotopic ratios for carbon, reported as δ 13 C, were calculated as: δ 13 Water Quality Parameters at Temenggor Lake and Chenderoh Lake Data obtained for water quality parameters are presented in Table 2 . In Temenggor Lake, pH in the surface water was in the range of 6.7 to 7.7 (on average 7.14 ±0.09). The pH was lower in Chenderoh Lake (6.46 -6.64; 6.55 ±0.11). Despite the different values, the pH for both lakes were around 6.4 -7.7, which is suitable for fish to survive [20] .
Dissolved oxygen (DO)was higher in Temenggor Lake (7.4 ± 0.12) compared to DO in Chenderoh Lake (4.98 ± 0.35). The DO in lake reflects the biological productivity of the lake and may imply excessive oxygen consumed by the organisms in the waterbodies of the lake. The low DO even on the surface water can indicate anoxic stratification in the waterbodies of Chenderoh Lake. Nevertheless, in general, fish is able to survive DO of 3.0 to 7.0 mg/L in a freshwater ecosystem [21] . Conductivity and TDS were low in both lakes, indicating that low amounts of ions and dissolved solids were present in the lakes [22] . In terms of dissolved inorganic nitrogen (DIN), higher nitrate (0.18 ± 0.013 mg/L) and ammoniacal nitrogen concentrations (0.05 ± 0.005 mg/L) were measured at Temenggor Lake than Chenderoh Lake (Fig. 2) . Considering DIN from surface water, this system presents a low trophic status [7] . However, further study should be carried out to investigate the effect of depth on these lakes to better clarify their trophic status.
Stable Isotopes δ 13 C and δ 15 N of Fish
In Temenggor Lake, the δ13C values for H. macrolepidota, O. niloticus and O.anomalura were -25.79± 0.119, -24.54 ± 0.142 and -30.46 ± 0.132 ‰, respectively (Fig. 3) . The δ13C values in fishes reflect the carbon source in the diet of these fish species which can be derived from the primary consumer (aquatic insects, insects larvae and pupa, worms, piscivores; small fishes, fish fingerlings etc. depending on each fish species feeding habit) or primary producer (aquatic Figure 2 . Dissolved inorganic nitrogen in surface water samples of Temenggor Lake and Chenderoh Lake, Perak, Malaysia, reported as mean ± SD, n= 3. [24] . Other reported values of δ 13 C in the literature have shown that δ 13 C of phytoplankton and algae were in the range of -42 to -19 ‰ [25] . O. niloticus feeds mainly on phytoplankton or benthic algae [26] hence the δ (Fig.3) . The δ 13 C values of C. ocellaris in Chenderoh Lake (-32.690 ± 0.675‰) and H. macrolepidota (-34.579 ± 0.195 ‰), falls within the range of phytoplankton as reported in Rogers [25] . Fig. 4 . shows the δ 13 C values of the two fish species captured in Chenderoh Lake. N values than H.macrolepidota at Temenggor Lake (Fig. 3 and Fig.4) , suggesting different food sources and different trophic position of H.macrolepidota in the two lakes. Fish from the same species may have different isotopic composition depending on their habitat and feeding [4] .
The lack of data for primary producers and primary consumers at the studied sites hindered some detailed evaluation of the proportional carbon contribution of local primary producers to fish nutrition and the exact trophic position for the fishes at Temenggor Lake and Chenderoh Lake. Fig. 5 shows the range of δ 13 C and δ 15 N values of different primary producers according to the literature incorporated with the δ 13 C and δ
15
N values from the freshwater fishes found from our study at Temenggor and Chenderoh Lake. Comparison with the literature provide some clues of the potential sources of production in our study. However, overlapping range of the δ 13 C for each source can occur, which makes interpretation unclear based on δ 13 C alone [25] . Thus, δ 15 N is used concurrently with δ 13 C to overcome the problem.
Identification of sources of energy through identifying the producers of the ecosystem is based on δ 13 C because the changes in δ 13 C values at each trophic step are generally conservative. The conservative transfer of carbon isotopic compositions (within about 1‰ ) to the animal from the diet can be useful in tracing food webs in systems where food souces have a distinct isotopic composition [5] . The δ 15 N values of consumers tend to be enriched by 3-4 ‰ relative to their diets because heavier 15 N accumulates in consumers as it moves up the food web [27, 28, 23, 9] .
Applying this rule, a conceptual food web model can be proposed for Temenggor Lake and Chenderoh Lake (Fig.6) . The food web model for Temenggor Lake and Chenderoh Lake includes predictions of the δ 13 C range to identify the sources of production and δ 15 
CONCLUSIONS
This study showed that carbon sources in the fishes appear to be based on C3 plants and phytoplankton assemblage in the respective lakes; Temenggor and Chenderoh Lake according to the literature. Trophic position based on the δ 15 N values indicate that O. anomalura occupies the highest trophic level, presumably tertiary or higher trophic level than the other 2 fish species in Temenggor Lake. Despite its small size, O. anomalura is a predatory species, which might explain its trophic position higher up in the food web.
In Chenderoh Lake, the δ 13 C values not surprisingly implies the same source as Temenggor Lake since both lakes are freshwater constituents. We would expect different δ 13 C values if we include the marine counterpart of the ecosystem as they tend to be dominated by C4 plants. In terms of δ 15 N at Chenderoh Lake, C. ocellaris has a higher trophic position, confirming its predatory nature. However, to fully elucidate the food web in these lakes, further sampling of primary producers and consumers are needed to test the hypothesis of our conceptual food web model. As one of pioneer in stable isotopes analysis to determine energy flow and aquatic food web structure in tropical lakes, this work provides an important baseline information for future investigations in other tropical freshwater lakes. 
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